Introduction. Depression can suppress immune function, leading to lower resistance against infection and longer healing times in depressed individuals. Sexuality may also influence immune function, with evidence that sexual activity is associated with lowered immune function in women and mixed results in men. Immune mediators like immunoglobulin A (IgA) are immediately relevant to sexual health, since they are the first line of defense against pathogens at mucous membranes like the vagina. Aim. This study aims to determine if and how depression, sexual activity, and their interaction impact salivary IgA (SIgA) in men and women. Methods. In Study 1, a community-based sample of 84 women and 88 men provided saliva samples and completed questionnaires on their demographic background, level of depression, and frequency of partnered and solitary sexual activity. Study 2, conducted separately in an undergraduate student sample of 54 women and 52 men, had similar methods. Main Outcome Measures. The main outcome measures were scores on the General Well-Being Schedule depression subscale, reported frequency of sexual activity, and SIgA levels as measured by enzyme immunoassay. Results. Across studies, higher levels of partnered sexual activity were associated with lower SIgA for women with high depression scores, but not for women with low depression scores. In contrast, higher levels of partnered sexual activity were associated with higher SIgA for men with high depression scores, but not for men with low depression scores. Conclusion. Our results show that partnered sexual activity is a risk factor for lowered immunity in women with depressive symptoms but a possible resilience factor for men with depressive symptoms. This suggests a role for sexual activity in determining the impact of depression on physical health parameters. Lorenz T and van Anders S. Interactions of sexual activity, gender, and depression with immunity. J Sex Med 2014;11:966-979.
Introduction

D
epression negatively influences immune function [1] , likely due to both biological and behavioral factors. Biological mechanisms include endocrine activity of the hypothalamicpituitary-adrenal axis and upregulation of the sympathetic nervous system, both of which are impacted by stress and depressed mood and both of which directly modulate immune function [2] .
Research on behavioral pathways has focused largely on health-related behaviors such as poor nutrition [3] , alcohol and nicotine use [4] , and sedentary lifestyles [5] , all of which are hallmarks of depression and independently linked to poorer immune function [6] . One behavioral route that has received little empirical attention is sexual activity. It is relatively well established that depression has profound effects on sexuality [7] , for example, lower interest in partnered sexual activity [8] but higher interest in masturbation [7, 9] , higher rates of clinically relevant sexual dysfunction [10, 11] as well as subclinical sexual problems [12] , and lower sexual pleasure and satisfaction [13] . It is less appreciated that sexuality may be linked to immunity, and the present study investigates the intersection of depression and sexual activity in immune function in women and men.
Sexual Activity and Immune Function: Gender/Sex Differences
There are gender/sex 1 differences in both depression [14] and immune function [15] [16] [17] ; women are more likely to become depressed, and also generally have higher immune system activity than men. A few studies suggest that there are gender differences in the link between sexual activity and immune mediators as well, with negative associations in women and positive associations in men.
Studies in women have generally shown an association between sexual activity and lower levels of immune markers. For example, Barousse et al. [18] found that adolescent women who had engaged in sexual activity in the last week had significantly lower concentrations of several vaginal immune parameters including interleukin (IL)-2, IL-4, and monocyte chemoattractant protein-1 (MCP-1) relative to those who had not engaged in sexual activity.
In men, findings are mixed, with studies in nonhuman animals suggesting sexual behavior is associated with lower immune parameters (see, e.g., McKean and Nunney [19] ), possibly due to the energetic costs of sexual competition [20] , and studies in humans generally suggesting sexual behavior is associated with higher immune parameters. One study [21] found that masturbation increased numbers of leukocytes in serum measures, especially natural killer (NK) cells. Another study showed that men undergoing a psychosocial intervention targeting number of sexual partners showed a decrease in immunoglobulin A (IgA) levels as they decreased their number of sexual partners [22] , suggesting a positive association. A large study of men in the U.S. Army [23] included both sexual variables and immune parameters sampled from blood. It found that having 10 or more sexual partners in a year was significantly positively correlated with concentrations of T lymphocytes, helper/inducer CD4 cells, suppressor/cytotoxic CD8 cells, and B lymphocytes. Taken together, these findings suggest that sexual activity may increase immune parameters for men but decrease them in women.
Salivary Immunoglobulin A:
A Noninvasive Immune Parameter A limited number of immune parameters can be sampled noninvasively (i.e., without sampling blood or tissue), and one of these is salivary IgA (SIgA). SIgA, an antibody formed by B cells, attacks a broad array of pathogens both directly and by recruiting other components of the immune system such as macrophages. It is the first line of defense against infections at mucosal membranes [24] , including both the mouth and the vagina, as it is the most abundant immunoglobulin in mucosal secretions [25, 26] ; it is thus especially relevant to prevention of sexually transmitted infections [27] . Higher levels of SIgA are associated with lower incidence of subsequent infection/ illness [28, 29] , indicating SIgA levels are meaningful in assessing overall infection risk. While women tend to have higher levels of most immune parameters than do men [30] , men tend to have higher baseline SIgA than do women [31] [32] [33] .
Depression and stress can lead to alterations in SIgA levels specifically, as they can for immunity in general [34] . Depression has been associated with lower concentrations of SIgA in both men and women [35] [36] [37] [38] , with some sex/gender differences. In one study in children, the immunosuppressive effect of depression was more profound in girls than in boys [39] . Another study in adults found that women's SIgA levels improved more than did men's in response to depression treatment [40] .
Sexual Activity and SIgA
Production of immune mediators is thought to be site-specific to some degree [41] , but mediators sampled at one site are correlated with those sampled at others [26, 42, 43] . Critically, SIgA and vaginal IgA are correlated [44] , suggesting IgA levels in saliva may tell us something about genital mucosal immunity and the subsequent risk of sexually transmitted infections.
However, although several studies have investigated the role of SIgA in the progression of STIs [45, 46] , only two studies have examined relationships between sexual activity and SIgA in healthy (preinfection) humans. One study found that adult 1 Given that it is plausible that either (or both) biological sex and gender role could influence depression, immune function, and sexuality, we use the term "gender/sex" to indicate a difference between men and women that cannot be attributed solely to either sex or gender.
premenopausal women who had engaged in sexual activity with women or men in the most recent menstrual cycle had significantly lower SIgA than abstinent women [47] . Charnetski and Brennan [48] showed a curvilinear relationship between sexual activity and SIgA, such that women and men engaging in a moderate frequency of sexual activity had higher salivary SIgA than individuals engaging in a low or high frequency of activity. However, Charnetski and Brennan's analyses were mixed by gender/sex; as there are considerable gender/sex differences in baseline SIgA levels, and sexual frequency by gender/sex was not reported, it is possible these results were confounded by uneven numbers of men and women at different levels of sexual frequency. Nevertheless, these two studies confirm that sexual activity can influence SIgA levels.
Present Study
Given that depression impacts both immunity and sexuality, it is likely that there are considerable differences between depressed and nondepressed individuals in the impact of sexual behavior on immunity. We tested these differences using SIgA levels, a noninvasive measure of immune function.
Moreover, as there are sex and gender differences in the association between sexual behavior and immunity, we might expect men and women to differ in the association among depression, sexuality, and immune function. Partnered sexual activity introduces pathogens from the genitals and secretions of the partner (e.g., semen). The vagina is a mucosal surface that responds to these pathogens with an antibody response including production of IgA [49] . While the penis also has some mucosal immune responses to partnered sexual activity, they are much less marked than those of the vagina [50] . Thus, we expected different patterns of immune response in women and men in partnered sexual activity. Also, to test the specificity of the effect, we compared partnered and solitary sexual activity.
Aims
Our aim was to evaluate if sexual activity moderates the effect of depression on immune function in women and men. Because this research was exploratory, we tested associations between depression symptom scales and immunity in community-based samples. There is a doseresponse curve between depression symptoms and immunosuppression [1] ; thus, it is reasonable that clinically depressed individuals and individuals who score high on depression measures would differ in immunity only as a matter of degree [1] . Still, it should be noted that the term "high depression" throughout this paper refers to individuals scoring high on depression measures rather than individuals diagnosed clinically with depression.
Study 1
In this and Study 2, we used data collected as part of larger investigations of sexuality, health, and other parameters [51, 52] . We thus conducted exploratory secondary analyses of data previously collected to address the link between sexuality and IgA.
Methods
Participants
Participants for the Partnering, Physiology, and Health study were recruited from the undergraduate psychology pool and the community through posters and online advertisements and were compensated with either course credit or US $10. Participants consisted of healthy men and women who were 18 or older, able to read and write in English, and not using any hormonal medications or supplements. Of the 121 men and 116 women who completed study procedures, 37 potential participants (16 men, 21 women) reported health conditions or medications that affect physiological parameters, and 30 (16 men, 14 women) reported current illness, with both categories applying to 7 participants. Of these, three participants had missing data on depression measures. Additionally, two outliers with SIgA levels over 3 SD from the mean were excluded from further analysis. Thus, the final sample included 84 women (M age = 21.49, SD = 5.67) and 88 men (M age = 23.80, SD = 9.22). Participants composed a diverse demographic sample in terms of race and ethnicity, occupation, sexual orientation, and relationship status (see Table 1 ).
Materials
The study made use of a self-report questionnaire and of saliva samples from which SIgA levels were assessed.
Questionnaires
Participants completed a background, health, and demographics questionnaire so that we could characterize the sample and address possible confounds. The questionnaire also addressed relational and sexual variables. Participants reported frequency of partnered sexual activity, defined as sexual activity in which the participant's genitals (penis, clitoris, vagina) were physically stimulated. Some cells contained low counts, and we were also interested in nonlinear effects; accordingly, we also coded participants categorically: no current partnered sexuality, low-frequency partnered sexuality (partnered sexual activity one to four times in the last month), or high-frequency partnered sexuality (partnered sexuality two or more times per week). Participants also reported frequency of masturbation in the last week.
Participants also completed the General WellBeing Schedule (GWBS [53] ), which includes subscales on general and psychological health, including a depression-specific subscale (GWBS-D). The GWBS has been widely used as an index of mental health, most notably depression [54] . The depression subscale has demonstrated good reliability and convergent validity with other measures of depression such as the Center for Epidemiological Studies Depression Scale [55, 56] . For the depression subscale, a clinical cutoff score of 13 has been demonstrated to have good sensitivity and specificity [56] ; participants scoring less than 13 are here termed to have "scores consistent with depression." Reliability in the current sample was good (Cronbach's alpha = 0.88).
Saliva Samples (Main Outcome Measure)
Participants rinsed their mouths with water and then provided saliva samples of at least 5 mL by spitting into polystyrene tubes. We froze samples until enzyme immunoassay, which was conducted with a commercially available kit from Salimetrics LLC (State College, PA, USA) at our Core Assay Facility, University of Michigan. The intraassay coefficient of variance (CV) was 8.62, and the inter-assay CV was 9.2 over six assays. Samples were also assayed for other hormones to address other hypotheses [51, 52] .
Procedure
The university's Institutional Review Board approved the study. Participants were tested in afternoon laboratory sessions from February to September, and asked to refrain from eating, drinking, smoking, brushing their teeth, or chewing gum for one hour prior to testing. Upon arrival, participants were taken to a private testing room to sign the consent form, which included a brief description of the study and statement of confidentiality. A research assistant provided participants instructions on providing a saliva sample and filling out the online questionnaire. We confirmed compliance to the pre-visit eating and drinking request by asking participants just before saliva collection. The participant was left alone and given as much time as needed to complete the study. Participants were asked to bring the saliva sample back to the lab when it reached the 5 mL mark on the polystyrene tube; they then returned to the private testing room to continue working on the questionnaire. Upon completion, the participant returned to the lab to receive the compensation and to be debriefed. Analyses Analyses were conducted with SPSS 18.0 (SPSS Inc., Chicago, IL, USA). We tested all associations in women and men separately. As frequency of partnered sexual activity was rated on an ordinal Likert scale (a rank-ordered noncontinuous scale), we tested associations with this variable using partial rank order correlations following the recommendations of Kendall and Gibbons [57] . Because this analysis required depression to be considered as a group-level variable, for this analysis only, we characterized participants as within the range consistent with depression (GWBS depression scores < 13) or not in the depressed range [56] ; all other analyses used the full range of the GWBS scale. Masturbation frequency was rated on a continuous scale, so we tested associations with linear regression models. We also tested categorical-level differences in sexual activity with analyses of covariance (ancovas). We controlled for age and BMI in each analysis, as they can be expected to covary with SIgA levels, sexual measures, or both [33, [58] [59] [60] [61] . Figure 1 ). Follow-up analyses revealed that for men reporting no sexual activity, high depression was associated with significantly lower SIgA than low depression (F[1, 46] = 4.388, P = 0.042), suggesting that depression itself was associated with lower immune function. However, in men reporting partnered sexual activity at least once a month, men with high depression scores had levels of SIgA equivalent to those of men with low depression (F[1, 38] = 0.017, P = 0.896). Thus, frequency of partnered sexual activity ameliorated the potentially immunosuppressive effects of depression in men.
Results
Effects of Sexual
In women reporting no sexual activity, depression status was not significantly associated with SIgA levels (F [1, 46] = 0.003, P = 0.986). For women reporting partnered sexual activity at least once a month, however, women with high depression had significantly lower SIgA than those reporting low depression (F[1, 34] = 4.630, P = 0.039). This suggests that for women, sexual activity itself appeared to be associated with lower immune function, and depression amplified this. 
Group-Level Differences in Frequency of Sexual Activity
We then considered the same data, condensed into broader groups: no sexual activity, partnered sexual activity one to four times per month (low frequency), or partnered sexual activity two or more times per week (high frequency). In women, the interaction between depression and sexual frequency was significant (F[2, 79] = 3.159, P = 0.048; see Figure 2 ). For women with low depression, only high frequency of sexual activity was associated with lower SIgA, whereas for women with high depression, both low and high frequency were associated with lower SIgA. In men, the interaction between depression and sexual frequency was not significant (F[2, 84] = 0.187, P = 0.830).
Effects of Masturbation, Gender/Sex, and Depression on Immune Function
As a control for aspects of sexual activity not related to pathogens from a partner (e.g., genital arousal), we considered the effects of masturbation on immune response. In contrast to the findings in partnered sexual activity, the interaction between masturbation frequency and SIgA levels was not significant in either men (R 2 = 0.060, F[5, 83] = 1.007, P = 0.419) or women (R 2 = 0.054, F [5, 73] = 0.789, P = 0.561). These results suggested that partnered, but not solitary, sexual activity affected immunity.
Study 2
For exploratory findings such as those of Study 1, it is especially important to confirm that patterns of results hold across multiple samples, in order to reduce the likelihood of findings being due to chance. Thus, we attempted to replicate the findings from Study 1 using data from an existing dataset from the ImPACT study. Surveys and saliva collection methods were identical to those reported above; the only differences were in recruitment and sample population.
Methods
Participants
First-year undergraduate students were recruited through e-mails to the entering class at the University of Michigan, fliers posted in student dormitories, and student events. Participants were compensated with up to US $130 and a chance to win two prizes, each worth US $100. As in Study 1, participants were required to be 18 years or older, able to read and write in English, not using any hormone-altering medications, with no physical conditions affecting hormones, and not experiencing any partner/spousal abuse with any present partners. We report here on data from 52 women (M age = 18.08, SD = 0.33) and 54 men (M age = 18.15, SD = 0.60) after excluding participants who were using medications or who had conditions affecting physiological parameters (N = 27), those who were not healthy at the time of the study (N = 26), outliers with SIgA levels over 3 SD from the mean (N = 4), and those with missing questionnaire data (N = 3), with eight participants affected by more than one category. As in Study 1, this sample was demographically diverse (see Table 2 ).
Materials
Questionnaire For the present analyses, we used data collected from the baseline session. All questionnaires were similar to those reported above.
Saliva Samples
As in Study 1, participants provided at least 5 mL of saliva by rinsing their mouths and then spitting into a polystyrene tube. These samples were frozen after collection and processing, and assayed using a Salimetrics kit at the Core Assay Facility. The intra-assay coefficients of variance (CVs) were 8.88% and 4.34%, and the inter-assay CVs were 9.25% and 9.65% over eight assays.
Procedure
Participants completed informed consent procedures and documented their consent, provided a saliva sample, and completed the questionnaires.
Analyses
In this study, frequency of partnered sexual activity and masturbation frequency were both rated on continuous scales, and therefore, we tested associations with linear regressions. As before, we tested group differences in partnered sexual activity with analyses of covariance (ancovas); however, as there were fewer participants reporting sexual activity than in Study 1, we characterized groups as no recent sexual activity vs. sexual activity in the last week. In these analyses, we controlled for BMI, but did not control for age, as all but eight participants reported their age as 18. Additionally, because there was a non-normal distribution of SIgA levels for this study (Shapiro-Wilk statistic = 0.934, P = 0.004), we transformed SIgA level values by taking the square root, leading to an adequately normal distribution (Shapiro-Wilk statistic = 0.974, P = 0.291).
Results
Effects of Partnered Sexual Activity, Gender/Sex, and Depression on Immune Function
In women, the interaction of frequency of partnered sexual activity and depression was significant in predicting SIgA levels (model Figure 3 , one can see that for women with low depression scores, frequency of partnered sexual activity had little effect on SIgA levels. For women with high depression scores, however, higher frequency of sexual activity was associated with lower SIgA. Follow-up tests showed that for women reporting no sexual activity, high-depression women had higher SIgA than low-depression women, but this difference was nonsignificant (F [1, 39] = 0.401, P = 0.530). Similarly, for women reporting at least some partnered sexual activity, high-depression women had non-significantly different SIgA from low-depression women (F[1, 10] = 4.554, P = 0.062).
In men, the interaction of partnered sexual activity and depression was significant in predicting SIgA levels (model R 2 = 0.468, F[4, 16] = 2.635, P = 0.087; addition of interaction term change in R 2 = 0.268, F[1, 12] = 6.049, P = 0.030). As before, for men with low depression scores there was little effect of partnered sexual activity on SIgA levels, but for men with high depression scores, higher levels of sexual activity were associated with higher SIgA (Figures 4 and 5) . All participants in Study 2 were first-year undergraduate students, and thus, student status and educational attainment are not listed.
Follow-up tests indicated that for men reporting no sexual activity, there was no significant difference in SIgA between high-and low-depression men (F[1, 40] = 0.619, P = 0.436). Likewise, for men reporting at least some partnered sexual activity, the difference in SIgA between high-and low-depressed men was nonsignificant (F[1, 11] = 0.119, P = 0.737).
Group-Level Differences in Frequency of Partnered Sexual Activity
When patients were broken down into groups according to sexual activity, the interaction of frequency of partnered sexual activity and SIgA levels was not significant for the men (F[1, 52] = 0.219, P = 0.642). In the women, the interaction was marginally significant (F[1, 49] = 3.932, P = 0.053), such that women reporting sexual activity in the last week had lower SIgA, particularly if they also had high depression scores.
Effects of Masturbation, Gender/Sex, and Depression on Immune Function
As in Study 1, the interaction of masturbation frequency and depression was not significant in predicting immune function in the men (R 2 = 0.102, 
Discussion
Across studies, we found similar interactions among frequency of sexual activity, depression, and SIgA levels, our index of mucosal immune function, and a similar moderation by gender/sex (see Table 3 for summary of results). For participants with high depression, there was a significant linear association between frequency of partnered sexuality and SIgA levels that was positive for men and negative for women. Findings in lowdepression women and men differed slightly across studies, but generally showed frequency of partnered sexual activity being less strongly associated with SIgA levels than was seen in high-depression participants. Frequency of masturbation was not consistently associated with SIgA levels, suggesting that the effect is specific to partnered sexuality. This is the first empirical report investigating the interaction of gender/sex, depression, and sexual activity with immune function in humans, and these findings suggest that the effect of depression on immune function may depend on the level of sexual activity.
Similarities Across Studies
Our findings suggested that for men, high depression symptoms are an immunological challenge for which partnered sexual activity is a resilience factor. For women, partnered sexual activity itself appeared to be an immunological challenge, particularly for women with high depression. These differences could be due to differences in depression and sexual activity due to gender socialization, biological sex, or some combination of the two.
For example, it is possible testosterone may play a role. In men, depression is associated with low testosterone [62] [63] [64] , and depressive symptoms may abate with testosterone treatments [65] . In women, the pattern is more complex, with moderate depression associated with low testosterone [66] and severe depression associated with high testosterone [67, 68] . Frequency of sexual activity is also related to testosterone in a bidirectional fashion: higher levels of testosterone are associated with higher frequency of sexual activity, and sexual activity causes increases in testosterone [69] [70] [71] [72] . Finally, testosterone is thought to be generally immunosuppressive in both women and men . = little to no effect; -= decreasing SIgA with increasing sexual frequency; + = increasing SIgA with increasing sexual frequency [73] [74] [75] . However, when data are controlled for cortisol levels, testosterone is associated with increased production of some immune parameters in men [20] . This may be because testosterone has dual effects in terms of increasing cortisol (immunosuppressing) and improving energy utilization through communication with fat-synthesizing cells (immunoenhancing). Accordingly, it may be that depression is associated with low testosterone (and high cortisol) in both men and women. Sexual activity may increase testosterone (or the ratio of testosterone to cortisol), which would have a large impact on depressed women and men (whose testosterone is lower) and a lesser impact on nondepressed men and women. This increased testosterone would be associated with improved immune function in men but decreased immune function in women.
Another possibility is that sexual activity influences relationship satisfaction and social support in gender-specific ways. At least one study has shown that while neuroticism (a tendency to experience negative emotion that is associated with depression [76] ) has a negative impact on relationship satisfaction, high frequency of sexual activity can act as a buffer against these effects [77] . However, women are more likely to have multiple satisfying relationships outside their primary intimate relationship [78] , and depressed men are more likely to rely on support from their intimate partner than nondepressed men or even depressed women [79] . Moreover, frequency of sexual activity does not appear to be associated with relationship satisfaction in depressed women [7, 80] . Thus, it is possible that for men, frequent sex is a means by which the negative effects of depression on intimate relationships are buffered, and that it is this improved quality of social support which impacts immune health. For women, however, the increases in relationship quality may not play as much of a role, as they have multiple routes of social support, or the higher sexual activity may be unlinked to relationship quality.
That two different (and not mutually exclusive) mechanisms are equally plausible highlights the need for research investigating biopsychosocial mechanisms of sexuality and immune health in depressed patients.
Differences between Studies
Although the general pattern of results was similar across studies, there were some differences worth noting. In Study 1, it appeared that women with low depression followed a similar, though attenuated, trend to depressed women: though higher frequency of sexual activity was associated with lower SIgA in low-depression women, this was less pronounced than in high-depression women. In Study 2, however, there was little to no association between sexual frequency and SIgA levels in low-depression women. Interestingly, in Study 2, high-depression women had higher SIgA than low-depression women, though this difference was nonsignificant. Also, in Study 1, for men reporting no partnered sexual activity, depression was significantly associated with lower SIgA. At higher frequencies of sexual activity, however, the difference in SIgA levels between high-and low-depression men was smaller; in fact, if highdepression men reported at least some sexual activity, they did not have significantly lower SIgA than low-depression men. In Study 2, this trend was exaggerated such that high-depression men at the highest levels of sexual frequency had (nonsignificantly) higher SIgA than low-depression men at the same sexual frequency.
These differences between studies highlight the differences in the samples. Specifically, Study 1 was conducted in a large community sample encompassing a range of ages. Study 2 was conducted in a smaller sample with first-year undergraduate students only and thus restricted to young women and men. There is a negative association between age and SIgA levels, such that younger people tend to have higher SIgA than older people, even at comparable levels of health [33] . Moreover, by virtue of their stage of life, participants in Study 2 with high depression scores were less likely to have experienced chronic depression, and more likely to be experiencing depressive symptoms reactive to a major life transition. Immune responses to acute and chronic stressors differ significantly, with acute stress enhancing and chronic stress suppressing immune function [81] [82] [83] . Insofar as stress and depression are related, this may explain the higher SIgA levels in both high-depression women and men in Study 2. Similarly, participants in Study 2 were less likely to live with their partner, and more likely to be in new (or newly sexual) relationships. Women's immune responses to sexual partners have been shown to be lower if they are in a long-term sexual relationship [84] , particularly if they cohabit with their sexual partner [85] . This may explain why sexual frequency was associated with lower SIgA in both high-and lowdepression women in Study 1, but only highdepression women in Study 2.
Limitations and Future Directions
Although our samples were drawn from a community rather than clinical population, we used a well-validated measure of depression, and, when relevant, classification into clinical and nonclinically relevant depression via proven cutoff points. Nevertheless, there may be unique features of immune function in severely or diagnosed depressed patients that we could not observe, and thus, generalizability of our findings to a clinical population is unknown. Also, as with all exploratory analyses, the findings reported here are preliminary and require further replication. Specifically, the studies reported here were secondary analyses conducted on previously collected data, and thus, mechanisms of these associations could not be directly tested. Examining the routes through which sexual activity modifies immunity in depressed men and women will be critical in developing clinical applications for these findings.
Our measure of depression (the GWBS-D), while well validated, is not as commonly used as other measures such as the Beck Depression Inventory [86] , which makes comparison to other similar studies difficult. Also, SIgA is only one element of a complex system of responses from the immune system. It would be premature to conclude that sexual activity results in unilaterally improved immune response for depressed men, for instance, without examining other elements of the immune system such as inflammation and white blood cell production.
To confirm causality and examine the broad impact of sexual activity, we would need to experimentally manipulate level of sexual frequency in depressed and nondepressed individuals and observe the impact on a variety of immune markers. Our findings are strengthened by the consistent pattern across two samples collected separately; however it is possible that we were underpowered to detect true effects in the nondepressed sample. If this were the case, these effects would be quite small relative to the effects we observed in the depressed sample, and thus, the general conclusions of this report-that the effects of sexual activity on immunity are particularly relevant in depressed men and women-would be essentially preserved.
Conclusion
The need for an informed science of sexual health in depressed patients is critical. Rates of depression are high and rising [87] and yet little is known about sexuality in the context of depression. Considering the importance of sexuality for both mental and physical health outcomes, this is a serious obstacle to understanding and treating depression and its sequelae. Our findings underscore the importance of sexual activity for physical health of depressed women and men. Although many clinicians avoid asking depressed patients about their sexual practices [88] , our findings suggest that this information may help predict immune health and thus be a critical element of taking a comprehensive health history. Moreover, our findings strongly support the need for models of health in depression that include sexuality as a key factor.
